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Description 

Field of the invention 

s [0001] The present invention relates to a printing plate and a method for the reproduction of images, color or mon- 
ochrome, by means of halftoning techniques. 

Background of the invention. 

w [0002] The halftone dots in periodic halftoning are laid out on a fixed grid of a given frequency and angle. Tone is 
modulated by changing the size of the halftone dots. Particular problems arise in these processes where the repro- 
duction characteristics of a halftone dot are size dependent. 

[0003] Examples of such processes are the flexographic, the offset and the xerographic printing processes. 
[0004] In flexographic printing, the size of the smallest halftone dot on film that still reproduces consistently on press 

is can be as small as 40 micron. Below this size, halftone dots tend to print unevenly or not at all. Table I is a look up 
table, indicating the halftone dot diameter (expressed in micron) of round dots in periodic halftones as a function of 
screen frequency (in Ipi) at different dot percentages. Table I shows that, if a halftone screen is used with a line ruling 
of 120 Ipi, this 40 micron halftone dot on film corresponds to a coverage on film of 3%. From this follows that in com- 
bination with this screen, no consistent reproduction is possible in the range from 0 to 3%. In images, this effect shows 

20 up as a discontinuity or as posterization of the tone scale where the separated color "sets in". The high dot gain that 
is introduced during the plate making and printing in flexography only enhances the visibility of the problem. 
[0005] The situation can be improved if a screen is used with a lower frequency. For example, by applying a 65 Ipi 
screen instead of a 120 Ipi screen, a stable dot with a size of 40 micron corresponds with a coverage on film of less 
than 1 %. The range over which the discontinu ity occurs is hence three times smaller in this case, and the corresponding 

25 tone jump will be less disturbing. The use of a 65 Ipi screen, however, deteriorates the spatial resolution of the repro- 
duced image and increases the visibility of screening artifacts such as the rosette structure. 
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Table I (continued) 
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[0006] There is hence a trade off to be made in flexography between the requirements on the range of tones that 

15 can be consistently reproduced and the spatial resolution of the image. 

[0007] Despite its higher resolution, the offset printing process exhibits the same fundamental problem : depending 
on the quality of the paper and the specifics of the printing process, the maximum frequency of the halftone screen, 
and hence the spatial resolution, is limited by the demand of a consistent halftone dot reproduction across the tone 
scale. Few offset processes are capable to render images with halftone frequencies higher than 200 Ipi without jeop- 

20 ardizing the smoothness of the highlight tone rendition. 

[0008] A similar situation occurs in electrophotographic printing : a minimum dot size is necessary in order to obtain 
stable rendering of the halftone dots. 

[0009] A solution has been proposed for the above problems by using frequency modulation (FM) halftoning tech- 
niques. The tone modulation in these techniques is obtained by varying the average-distance between fixed sized 

25 halftone dots. By selecting a size for the halftone dot that is large enough for consistent reproduction, the above prob- 
lems are avoided. FM screening however, has its own drawbacks. Especially in the midtones, the fixed sized halftone 
dots exhibit a larger total circumference than the halftone dots in a periodic screen and are therefore more sensitive 
to variations in size during the various stages of the reproduction process. In addition are most FM screens prone to 
"graininess", which is particularly objectionable in smooth tone transitions and flat tints. These drawbacks explain why 

3Q FM screening does not provide a viable solution for all applications. 

[001 0] Yet another solution is known under the name of the "double dot 0 technique, also known as "split dot" technique 
or "Respi screens". According to this technique, the extremes of the tone scale (highlights and/or shadows) are rendered 
with halftone dots that are laid out on a grid with the same angle but half the frequency of the halftones in the rest of 
the tone scale. Fig. 1 shows an example of three different tone levels ( (a), (b) and (c) ) rendered with the "double dot" 

3S technique, known from the prior art. At a tone level somewhere between the values (b) and (c), the number of halftone 
dots is doubled. Since the rendering with halftone dots at half the frequency enables to render the same tone value 
with halftone dots that have a 1.41 times larger diameter, this technique improves the reproduction characteristics of 
the halftone screen. A disadvantage of the double dot technique is that below a certain dot percentage the same 
fundamental problem occurs as with the conventional screens, more specifically that below a certain diameter, corre- 

40 sponding to a certain tone value, all the halftone dots in the halftone will tend to disappear at the same time during the 
reproduction, creating an undesirable jump in the tone curve. It is possible, for example, that the tone level (b) in Fig. 
1 can still be consistently reproduced, but that the tone level (a) can not be consistently reproduced any more, because 
the halftone dots are too small. This means that, somewhere in between the tone values (a) and (b), a discontinuity in 
the tone curve will occur. Once again, the problem can be solved by selecting a screen that has a lower frequency, but 

45 this is, as mentioned already, at the cost of the visibility of artifacts and a reduction of the spatial detail rendering. 

US-A-3,1 97,558 discloses a screening method in which the mutual distance between halftone dots is varied in order 
to give the impression of variable optical density. As such, the halftone dots corresponding to different grey levels are 
not equidistant. US-A-4,752,822 shows in Figs. 21 A-21C threshold matrices that lead to traditional halftone dots on a 
periodical grid, the size of these halftone dots varying according to the grey level of the original image for all grey levels. 

so 

Objects of the invention. 

[001 1] From the previous explanation follows that a need exists for a halftoning system that provides both consistent 
reproduction of the halftone dots across the full tone scale and good spatial resolution. 
55 [0012] It is an object of the invention to improve the reproduction characteristics of periodic halftones without sacri- 
ficing spatial resolution. 
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Summary of the invention 

[0013] The above mentioned object is realised by the specific features according to the independent claims 1 and 
7. Preferred embodiments of the invention are disclosed in the dependent claims. 

s [0014] It was found that an improvement of the tone rendering in the highlights of periodic halftones is obtained by 
switching below a certain dot percentage from dot size modulation to a form of dot frequency modulation : below this 
dot percentage, tone is modulated not by altering the size of the halftone dots, but also, and in a continuous way their 
number. The dot size at which this transition from dot size to dot frequency modulation occurs, is set at a level that can 
be consistently reproduced. This quality requirement means that no perceptual or objectionable discontinuities in tone 

10 reproduction are noticeable. By such discontinuities is understood variations in density which are dependent on process 
steps, printing endurance or local differences within one reproduction. These density variations may be expressed as 
a psychometric color difference AE as defined by the CIE committee. The quality requirement may be put at a level 
that AE must not exceed 1 . This requirement may be weakened or tightened to other values for AE, depending on the 
application. 

is [0015] The method is different from the existing periodical halftoning techniques, since not only the size but also the 
number of halftone dots is modulated as a function of tone. 

[0016] The method is different from the double dot technique since, at least over a certain part of the tone scale, the 
number of halftone dots is modulated in a continuous - or more precisely, a finer quantized - fashion as a function of tone. 
[0017] The method is also different from the existing FM screening techniques, since the number of halftone dots 
20 does not change over at least one part of the tone scale, and since the halftone dots are still laid out on a fixed grid 
that is characterized by an angle and a frequency that is lower than the frequency of the grid on which the halftone dot 
is rendered. 

[0018] A printing plate according to this invention comprises ink accepting halftone dots on an ink repellent back- 
ground. By applying ink to such a printing plate, mounted on a press, this ink may be transferred to a paper or other 

25 image carrier for displaying a reproduction of the image. The ink may have different colors. Usual process colors are 
cyan, magenta, yellow and black. Application of ink in an image-wise fashion to the image carrier, causes the image 
carrier to have regions with different optical densities. These optical densities may be measured by a densitometer or 
color densitometer. The optical densities meant here are spatially integrated optical densities, as opposed to micro 
densities. A densitometer suited for measuring this type of densities typically illuminates a region larger than one 

30 millimetre by one millimetre, and measures the intensity of the reflected or transmitted light, in order to generate a 
density value for the illuminated region. A region with low optical density is a region, comprising at least five grid points, 
which has an almost constant integrated optical density. The feature that the number of halftone dots is in accordance 
with said low density, means that the number of halftone dots within regions having the same area but a different 
corresponding density, may be different and will be different if the density difference is large. In a preferred embodiment, 

35 the relation between the density and the number of halftone dots of a specific region is never decreasing. This means 
that the number of halftone dots preferentially does not decrease if the density increases. Preferentially, as a function 
of increasing density within a low density region, the area of the smallest halftone dot(s) within that region increases, 
and once a fixed dot area is reached, a new halftone dot is started on a grid point, having now the smallest area. This 
variation in number of halftone dots is necessary to compensate for the area of most of the halftone dots, which is 

40 preferentially fixed within low density regions. This fixed dot area is preferentially selected such that these halftone 
dots can be consistently reproduced. The majority of halftone dots must have an area substantially equal to a fixed 
dot area. By a majority is meant 66% or more. A low density region, according to the current invention, containing nine 
halftone dots, may have at most three smaller sized halftone dots. The requirement that this majority has an area 
substantially equal to the fixed dot area means that these halftone dots may have slightly varying dot areas, e.g. with 

45 a variation of 25%, or, where in electronic screening the halftone dots are built up of several microdots, a variation of 
one microdot more or less than a fixed dot area, which may be equivalent to the number of microdots within the halftone 
dot. By these technical features, the advantageous effect is achieved that the tone rendering of reproductions is more 
predictable as from the start of the printing process and the endurance of a printing plate is substantially increased, 
without loss of quality in the output image. 

50 [0019] In a more preferred embodiment, substantially every grid point, within a region corresponding with a high 
density, is occupied by one halftone dot. This means that 90% or more of the grid points corresponding to an autotypical 
raster are occupied by a halftone dot in such high density region. In a region according to the higher density, an am- 
plitude modulation screening technique is thus preferentially used. Moreover, preferentially the area of substantially 
each halftone dot within such a region, is not smaller than the fixed dot area as discussed above. This means that 90% 

55 or more of the halftone dots in such a region corresponding with a high density have an area equal to or larger than 
the fixed dot area, which is preferentially the dot area which may be reproduced consistently. 
[0020] Consequently, it is an advantage of the invention to improve the reproduction characteristics of halftones 
without increasing the sensitivity to variations in halftone dot size during the various stages of the reproduction. 
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[0021] It is another advantage of the invention to improve the reproduction characteristics of a halftoning system 
without introducing graininess. 

[0022] It is another advantage of the invention to improve the periodical halftone screens for flexographic printing, 
offset printing and xerographic printing. 

[0023] It is another advantage of the invention to improve the rendering of the highlights in periodical halftoning. 
[0024] Further advantages of the invention will become apparent from the description hereinafter. 

Detailed description of the invention. 

[0025] The invention is described hereinafter by way of examples with reference to the accompanying figures 
wherein : 



Fig. 1 gives an example of three tone levels rendered with the "double dot" technique, known from the prior art. 

Fig. 2 shows how different tone levels (a), (b) and (c) are rendered using a method according to the current inven- 

t5 tion. The number of halftone dots per unit area is progressively increased between tone levels (a) and (b). 

Fig. 3 shows a rational tangent supercell, having ten halftone dots. 

Fig. 4 demonstrates how a complete and contiguous halftone screen may be obtained by replicating the rational 

tangent supercell according to Fig. 3 horizontally and vertically. 

Fig. 5 shows the generation of a threshold matrix for a supercell, where an algorithm according to the present 

20 invention was applied with n maxsizecounter°=1 . 

Fig. 6 shows the generation of a threshold matrix for a supercell, where an algorithm according to the present 

invention was applied with "maxsizecounter n =4. 

Fig. 7 shows a threshold matrix obtained from the matrix of Fig. 6 by rescaling the values to a range from 1 to 255. 

Fig. 8 shows a circuit for generating a halftone image, which may be used in combination with the supercell of Fig. 

25 3 or the threshold matrix of Fig. 7. 

[0026] Referring to Fig. 3, the method according to the current invention may be used to generate a rational tangent 
supercell, such as described in US 5,1 55,599. As is explained in that patent, such a supercell (21 ) or "tile" is charac- 
terized by a tilesize TS, indicating the linear size of the tile expressed in number of microdots, and two integer values 
30 A and B, defining the geometry of the halftone screen. 

[0027] The angle (a) of the screen is given by the arctangent of A/B. The total number of halftone dots (22) in the 

supercell (21) is designated by the name B number_of_dots°, and is given by the value of A 2 +B 2 . 

[0028] The total number of microdots contained in a supercell is designated by B number_of_rels" and is equal to 

TS*TS. 

35 [0029] In order to describe the current invention, the values A=1 and B=3 were selected for the example shown in 
Fig. 3. In this example, the tile has a size of twelve microdots (TS=1 2) and thus contains number_of_re!s= 1 44 microdots. 
As will be described in conjunction of Fig. 8 below, each microdot within the supercell requires one threshold value in 
the threshold matrix. As such, also 144 threshold values must be generated. As from the values selected for A and B, 
the number of halftone dots in the supercell is : number_of_dots = A 2 +B 2 = 10. 

40 [0030] The centers of the halftone dots (22) are represented by circles in the drawing. Fig. 4 demonstrates how a 
complete and contiguous halftone screen (23) may be obtained by replicating the rational tangent supercell (21) hor- 
izontally and vertically. It will now be explained in detail how the 1 44 threshold values of the above tile can be calculated 
in order to apply our invention. 

[0031] The method preferentially comprises four steps, which may be summarized as follows : 

45 

- Step 1 : calculation of ordering sequence for halftone dots in supercell. 

- Step 2 : assignment of a first set of microdots to each of the halftone dots in the supercell. 
Step 3 : assignment of a second set of microdots to each of the halftone dots in the supercell. 
Step 4 : rescaling the range of matrix elements to obtain a threshold matrix, suitable for electronic screening. 

[0032] These steps will now be discussed in more detail below. 

Step 1 : Ordering sequence for halftone dots 

55 [0033] A first step consists of assigning an ordering sequence to the number_of_dots halftone dots of the supercell. 
In order to come to an optimized ordering sequence, the following heuristic algorithm is preferentially used : 
[0034] The halftone dot that receives the first number of the sequence can be chosen arbitrarily. 
[0035] The halftone dot that receives the second number is selected so that it is "as far away" as possible form the 
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halftone dot that has received the first sequence number, taking into account the horizontal and vertical replication. 
[0036] The halftone dot that receives the third ordering number is selected to maximize its distance to the closest of 
the already selected halftone dots. 

[0037] If this distance would be the same for two or more "candidate halftone dots", the third ordering number is 
s given to that candidate halftone dot, that maximizes the average distance between all three halftone dots. 

[0038] The same procedure is preferentially used to select the fourth, fifth,... halftone dot, until all the halftone dots 
in the tile have received an ordering number. 

[0039] It can be shown that the above algorithm leads to halftone dot distributions that have desirable "blue noise- 
characteristics. 

10 [0040] The above algorithm was used to assign a sequence number, ranging from 0 to 9, to the 1 0 halftone dots (22) 
in the supercell (21 ) of Fig. 3. 

Step 2 ; assignment of first set microdots to halftone dots 

15 [0041] This is preferentially done by means of three nested loops. 

[0042] Before the outer loop is started, a variable, indicated by "relcounter", is initialized to 0. The outer loop controls 
the order according to which every halftone dot is "visited". 

[0043] Before the middle loop is started, a variable, indicated by "sizecounter", is initialized to 1 . The middle loop 
keeps track of the size of the halftone dot that is "being visited". 
20 [0044] In the inner loop, a spotfunction, identified by n S(dot,rel)", is evaluated for each microdot, belonging to the 
tile, which has not been assigned yet to a halftone dot. An example of such a spotfunction is : 

S(dot,rel) = (X dot -X rel ) 2 + (Y dot -Y rel ) 2 

25 

( x dot> Y dot) represents the position coordinates of the center of the halftone dot or shortly "halftone dot center" ; 
( x rei' Y rei) represents the position coordinates of a candidate microdot, also referred to as "microdot center" or, in 
conjunction with a threshold matrix : "center of threshold matrix element" ; 
- the spotfunction itself S(dot.rel) corresponds to the square of the Euclidean distance between the halftone dot 
30 center (X^, Y dot ) and the position of candidate microdot (X^Y^). 

[0045] At the end of the inner loop, that one microdot is retained, that yields the lowest value for the spotfunction, 
and the value of the variable "relcounter" is assigned to it, after which the variables "relcounter" and "sizecounter" are 
incremented by one. 

35 [0046] The microdot that has received the value is now being marked as "assigned" to a halftone dot. 

[0047] By adding a small random value to the position coordinates (Xdw Y doi) of the halftone dot center, the possibility 
that two candidate microdots would yield the same spotfunction value can be virtually eliminated. 
[0048] If the incremented value of the variable "sizecounter" exceeds a certain preset value "maxsizecounter", the 
algorithm proceeds by returning to the beginning of the outer loop, at which point the next halftone dot is "visited". 

40 Otherwise does it proceed by returning to the beginning of the middle loop, at which point the search for a next microdot 
for the same halftone dot or within the halftone dot environment is started. 

[0049] When the outer loop is left, the following equation holds : relcounter = number_of_dots * maxsizecounter + 1 
[0050] The above algorithm is summarized by means of the following pseudo-code : 



50 



55 



6 



* EP000740457_ctelabastita [file://P:\aaa- — Downloaded Patents\EP000740457_deiabastlta.cpc 1 



Page 7 of 19 



EP 0 740 457 B1 

relcounter — 0/ 

for (all the halftone dots in the supercell, 

in order of their assigned sequence) { 

5 

sizecounter = 1; 

do until (sizecounter - maxsizecounter) { 

for (all microdots in supercell that have not been 
10 assigned yet to a halftone dot) { 

evaluate spotfunction of microdot in 
combination with halftone dot 

> 

assign the value relcounter to the microdot 
that yields the lowest spotfunction value 
sizecounter = sizecounter + 1 
relcounter - relcounter + 1 
) 

} 

25 [0051] Fig. 5 and Fig. 6 show examples where the algorithm was applied for a value of "maxsizecounter" equal to 1 
and 4 respectively. In Fig. 5 a threshold matrix is generated for a supercell as represented in Fig. 3, with ■max- 
sizecounter" = 1 . In Fig. 6, a threshold matrix according to the present invention is shown, for the supercell represented 
in Fig. 3, with B maxsizecounter B =4. 

30 Step 3 : assignment of second set microdots to halftone dots 

[0052] In this third step, the remaining microdots are assigned to each of the halftone dots in the supercell. This is 
preferentially done by visiting the halftone dots in order of their sequence number and looking for the microdot that 
yields the lowest spotfunction value. The value of "relcounter" is then assigned to that microdot, after which this value 
35 is incremented by one. This process is repeated until no microdots are left over. This condition is fulfilled when the 
value of "relcounter" is equal to "number_of_rels". At that point, the heuristic search is stopped. The following pseudo- 
code summarizes the algorithm : 



15 
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40 
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do until (relcounter « number_of_rels) { 

for (all the halftone dots in the supercell , 

in order of their assigned sequence) { 

for (all microdots in supercell that have not been 
assigned yet to a halftone dot) { 

evaluate spotfunction of microdot in 
combination with halftone dot 

} 

assign the value relcounter to the microdot 
that yields the lowest spotfunction value 
relcounter»relcounter+l 

} 

} 
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[0053] The above algorithm was used to give the other values required in the matrices according to Fig. 5 and Fig. 6. 
[0054] For large supercells, it is desirable to optimize the speed of the algorithm. This is preferentially done by limiting 
the search, in the inner loops of the second and third step, for the microdot yielding the lowest spotfunction value, to 
the microdots that are adjacent to the microdots that were previously assigned to the same halftone dot that is being 
5 visited. Another speed improvement may be realised by precalculating and storing in a look up table all the spotfunction 
values of all the microdots in combination with all the halftone dots. The evaluation of the spotfunction in that case is 
replaced by a table look up, which is significantly faster than the evaluation itself, especially when a spotfunction is 
used that involves heavy floating point arithmetic. 

10 Step 4 : rescalinq the range of matrix elements 

[0055] At the end of step 3, a square matrix with TS*TS elements is obtained. According to the above algorithm, 
such a matrix contains values ranging from 0 to number_of_rels-1 . Before this matrix is used as a screening threshold 
matrix, its elements are preferentially rescaled to match the range of input image pixels to be screened electronically. 
15 For a system with 8 bits, the range of the input image pixels is from 0 to 255. Therefore the range of threshold values 
is preferentially expanded to the range [1 ,255]. This may be done by : 

multiplying every element by a constant factor equal to 254/143 ; 
adding 1 to the result ; and, 
20 - rounding the result to the closest integer number. 

This leads to the matrix shown in Fig. 7. As can be seen, this threshold matrix represents a screen (photomechanical 
or electronic threshold matrix), suited for the transformation of a continuous tone image into a halftone image (as will 
be discussed in conjunction with Fig. 8), wherein said screen comprises a plurality of discrete spotlike zones (each 

25 showing four bold adjacent threshold values in Fig. 7 ; for the values 1,3,5,6 the threshold matrix must be tiled as in 
Fig. 4), arranged on grid points of a periodic grid (compare Fig. 7 with Fig. 3), defined by a screen angle (a) and a 
screen ruling (1/A), each spotlike zone having a plurality of different optical densities (e.g. threshold values 1 ,3,5,6 ; 
8,10,12,13 etc., which are equivalent to optical densities of a photomechanical screen) within a narrow density range 
(e.g. [1,6] ; [8,13] etc.), said density range being disjunctive with a density range of at least two closest other spotlike 

30 zones. A spotlike zone closest to 8, 1 0,1 2, 1 3 is 22,24,26,28 and [8, 1 3] n [22,28] = 0. In a more preferred embodiment, 
any region around such a spotlike zone (non-bold threshold values in Fig. 7) has a plurality of optical densities (or 
threshold values) within a wide density range, said density range having a large overlapping portion with any density 
range of such other regions. E.g. the region around 37,38,40,42 has threshold values 237, 148, 145, 216, 81 , 99, 175, 
116, 191, 244, 131, 202, all within a range of [81,237], whereas the region around 58,60,61,63 has threshold values 

35 232, 86, 138, 173, 104, 241, 188, 136, 189, 243, 122, 161, all within [86,243]. The overlapping portion is: [81,237] n 
[86,243] = [86,237], which is a large overlapping portion. The threshold matrix according to Fig. 7 may be used in a 
device according to Fig. 8 for converting a continuous tone image into a halftone image, by combining the threshold 
values with the contone pixel values of the continuous tone image, and mark a microdot on a film or printing plate as 
a result of the combination or comparison. A halftone image on film or on a printing plate may also produced in the 

40 classical photomechanical way, by using this above described screen. 

[0056] Alternatively, a non-proportional scaling of the original matrix values may be done in order to obtain the final 
threshold matrix suitable for screening. Such a non-proportional scaling, built-in into the threshold matrix, is extremely 
useful to achieve a non-linear relationship between the pixel values of the unscreened input image and the halftone 
dot sizes of the output image, into which these values are translated during the screening operation. 

45 [0057] At this point, the threshold matrix may be used in combination with a circuit as shown in Fig. 8. This halftone 
image generator is based on comparing at every position of the recorder grid the pixel value with a screen threshold 
value. Depending on the outcome, the recorder element is turned "on" or "off". More in detail, the apparatus according 
to Fig. 8 operates in the following way. A recorder address counter (89) generates all possible combinations or ad- 
dresses (i,j) to cover the area occupied by the halftone image (81 ) which may be stored partly or wholly within a halftone 

50 store. A contone image (91) may be stored in an image store, but with an orientation and scale different from the 
required scale and orientation of the halftone image (81) at the recorder grid. Therefore, the i-counter and j-counter 
from the recorder address counter (89) need to undergo a scaling and rotation transformation in a scaling and rotation 
unit (72). The input of this unit (72) are the i-counter and j-counter values, the output is an address (x,y) that addresses 
a contone pixel (90) within the contone image (91), having a contone pixel value (82), which is usually an eight bit 

55 value ranging from 0 to 255. In another embodiment, the contone image (91) may be brought at the correct orientation 
and scale before the screening effectively starts, such that the scaling and rotation unit (72) is superfluous, and each 
contone pixel (90) is addressed directly by the (i,j) address. The contone pixel value (82) is fed into the comparator 
(84). At the same time, the address (i,j) is fed into the "modulo tile size unit" (92). Because in a preferred embodiment 
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the threshold matrix (86) is periodical in a horizontal and vertical dimension, only one template of the complete screening 
function or the threshold matrix (equivalent to a photomechanical screen) must be stored, preferentially as a pre-rotated 
supertiie, comprising several halftone dots, and the (ij) coordinates can be reduced to [0..TS) by a modulo operation 
on i and j, shown in (92). TS is the tile size, giving the width and height of the threshold matrix (86), which is square in 

s a preferred embodiment. The resulting i' = mod(i.TS) and j' = mod(j.TS) values address in the threshold matrix (86) a 
threshold value (83), to be compared with the contone pixel value (82), within the comparator (84). As a result of this 
comparison, the recorder element or microdot (85) is turned "on" or "off". More information on the operation of the 
circuit described in Fig. 8 may be found in US 5,155,599. Signals according to the tt on" or "off" state of the microdot 
(85) may now optionally be temporarily stored and then sent to drive an exposing light beam of an image setter, such 

10 as the SelectSet Avantra 25 image setter. SelectSet and Avantra are trade names of Miles Inc, Agfa Division in Mas- 
sachusetts. The light beam may expose a graphical film of the type SFP81 2p, marketed by Agfa-Gevaert N.V in Mortsel, 
Belgium. After exposure by a light beam modulated according to the halftone image, the film is developed and dried. 
This film is exposed in contact with a photosensitive lithographic printing plate precursor, also called imaging element. 
The imaging element is generally developed thereafter so that a differentiation results in ink accepting properties be- 

*s tween the exposed and unexposed areas. 

[0058] A particular suitable printing plate precursor or imaging element is a so called mono-sheet DTR material. In 
one embodiment the mono-sheet DTR material comprises on a flexible support in the order given a silver halide emul- 
sion layer and an image receiving layer containing physical development nuclei e.g. a heavy metal sulphide as e.g. 
PdS. The image receiving layer is preferably free of binder or contains a hydrophilic binder in amount of not more than 

20 80% by weight. Subsequent to image-wise exposure, the mono-sheet DTR material is developed using an alkaline 
processing liquid in the presence of developing agents e.g. of the hydroquinone type and/or pyrazolidone type and a 
silver halide solvent such as e.g. a thiocyanate. Subsequently the plate surface is neutralized with a neutralizing liquid. 
Details about the constitution of this type of mono-sheet DTR material and suitable processing liquids can be found in 
e.g. EP-A-474922, EP-A-423399, US-P-4,501,811 and US-P-4,784,933. Lithographic printing plate precursors of this 

25 type are marketed by Agfa-Gevaert N.V. under the name of SUPERMASTER and SETPRINT. 

[0059] In a second embodiment the mono-sheet DTR material comprises on a hydrophilic surface of a support in 
the order given an image receiving layer containing physical development nuclei e.g. a heavy metal sulphide as e.g. 
PdS and a silver halide emulsion layer. The image receiving layer is preferably free of binder or contains a hydrophilic 
binder in amount of not more than 80% by weight. Subsequent to image-wise exposure the mono-sheet DTR material 

30 is developed using an alkaline processing liquid in the presence of developing agents e.g. of the hydroquinone type 
and/or pyrazolidone type and a silver halide solvent such as e.g. a thiosulphate. Subsequently the imaging element is 
treated to remove the layer(s) on top of said image receiving layer preferably by rinsing with water, thereby uncovering 
said silver image formed in said image receiving layer. Details about the constitution of this type of mono-sheet DTR 
material and suitable processing liquids can be found in e.g. US-P-5,068, 1 65 and US-P-5,273,858. Lithographic printing 

35 plate precursors of this type are marketed by Agfa-Gevaert N.V. under the name of LITHOSTAR LAP-B. 

[0060] These type of printing plate precursors can be exposed not only as described above in contact with a proc- 
essed graphical film but due to the high sensitivity of said silver halide emulsion comprising imaging element also 
directly by the exposing light beam of an image setter. 

40 EXAMPLE 

[0061] A comparison was made between a classic autotypical screening technique, called Agfa Balanced Screening 
(ABS), as described in US 5,155,599 and three versions of a screening technique according to the current invention, 
using the same screening parameters. The screen ruling was chosen 148 Ipi and the screen angle 15°, and the shape 

45 of the halftone dots was round. According to the first version (V1), halftone dot percentages of 4% and lower were 
achieved by reducing the number of halftone dots, rather than their size. This meant that the fixed dot area corresponds 
with a dot size of 38 um According to the second version (V2), the transition dot percentage was chosen 5%, corre- 
sponding to a 42 |im halftone dot size. For the third version (V3), the transition dot percentage was chosen 6%. These 
three versions avoid the appearance of dots smaller than 38 urn, 42 u,m or 47 u,m, which may not print at all or miss 

50 printing endurance. 

[0062] ABS, V1 , V2 and V3 type screened images of a continuous grey wedge and of constant grey patches were 
recorded on SFP812p film on an image setter SelectSet Avantra 25, working at a recorder pitch of 2400 microdots per 
inch, with exposure setting of 190. After exposure to the halftone image, the latent image on the film was developed. 
This film was then used in a Theimer contact frame, to expose a Lithostar LAP-B printing plate precursor. After exposure, 
55 the plate was developed in a fresh L5000 developing bath. A second plate, exposed in the same conditions, was 
developed in the same L5000 bath, which was however conditioned to steady-state use conditions, by developing 5 
m 2 plate material per litre of developing bath. 

[0063] The printing plate thus obtained was printed on a Heidelberg GT052 press with Hartmann S6920 ink and 
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Rotaprint Rotamatic fountain solution (1 part fountain solution additive + 1 part water). The paper used was KNP Royal 
Impression Brilliant gloss-coated paper, 115 g/m 2 . From the prints it was clear that V1, V2 and V3 according to the 
current invention give better results in areas with small per cent dot area than the print according to the ABS technique. 
By visual inspection it was established that the smallest per cent dot area that can be reproduced by ABS in optimal 
s development conditions is 3%. V1 , V2 and V3 allow reproduction of 0.5 per cent dot area. If the developing agent was 
not fresh, ABS reproduced consistently only from 3.5% and higher on. This test may thus also be used to establish 
the fixed dot area, below which the number of halftone dots is varied rather than their size. 

[0064] A second test was done to assess the improvement of printing endurance. The same exposure and develop- 
ment conditions (steady-state developing bath) of the printing plate were followed as in the test above, but other printing 

10 conditions were used. A SAKURAI Oliver 52 press, with BASF K+E 171 ink and a fountain solution comprising 3% 
Aqua-ayde and 4% Tame, both from Anchor. Uncoated paper, 80 g/m 2 was used. The printing endurance according 
to V1 was substantially better than that according to ABS. V2 was even better than V1 , V3 was optimal with respect 
to long term printing endurance in these printing conditions. After printing 100 sheets, ABS points with 2.5% were 
hardly visible, whereas after 10,000 sheets they disappeared below 3.5% and after 25,000 sheets they disappeared 

15 below 4%. According to V1 , 0.5% remained visible up to 1 0,000 sheets. At 25,000 sheets, visibility disappeared below 
4%. According to V2, 0.5% remained visible up to 25,000 sheets. According to V3, no quality was lost, i.e. no density 
was lost in the highlights, up to 25,000 sheets. 

[0065] The invention can also be applied for rendering devices, capable of reproducing more than two tone values, 

such as in a xerographic printing process. 
20 [0066] The invention can also be used in color printing applications, where a different halftone screen is used for 

each color separation. A specific example of such a technology is described in US 5,155,599. 

[0067] The frequency modulation halftoning technique on an autotypical grid may also be successfully applied to 

"halftone dot holes" within regions corresponding with a high density. Whenever a specific density is reached, e.g. 95% 

dot point, it is possible that some "holes" tend to fill up. Once a dot percentage is reached that this may cause problems 
2S to consistently reproduce images, the area of the holes may be kept constant and the n umber of holes may be decreased 

whenever the density must be increased. 

Summary of terms (in alphabetical order) : 
30 [0068] 

maxsizecounter: a constant value, indicating the size of the halftone dot, in number of microdots, at which the 
heuristic algorithm stops assigning subsequent microdots to a single halftone dot, and starts 
assigning subsequent microdots to different halftone dots. 
35 number_oLdots: total number of halftone dots in a supercell. In a supercell of the type described in Fig. 3, this 
value is equal to A 2 +B 2 

number_of_rels: total number of microdots in a supercell. In a supercell of the type described in Fig. 3, this value 
is equal to TS*TS 

relcounter: counts the total number of microdots in the supercell, already assigned to any halftone dot, 

40 during the heuristic search. 

sizecounter: a variable used in the heuristic algorithms to count the number of microdots assigned to one 

specific halftone dot. 

tilesize (TS): the linear size of a supercell, expressed in number of microdots. 



Claims 

1 . A printing plate, for reproducing an image, comprising a surface having an image-wise distribution of ink accepting 
halftone dots on an ink repellant background, said halftone dots rendering different optical densities in a reproduc- 
50 tion of said image and being arranged on grid points of a periodic grid being defined by a screen angle and a 

screen ruling, is herein characterized that : 

- within a first region on said printing plate, corresponding to a region with low optical density on said 
reproduction : 

55 

the number of halftone dots is in accordance with said low density ; and, 
- for at least 66% of the halftone dots, each halftone dot has a halftone dot area substantially equal to a 
fixed halftone dot area ; 
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and, 

within a second region on said printing plate, corresponding to a region with high optical density on said re- 
production, the halftone dot area of each of said halftone dots is in accordance with said high density. 

5 2. Printing plate according to claim 1 , wherein said printing plate comprises on a surface an image-wise distribution 
of silver containing halftone dots on a hydrophillic background. 

3. Printing plate, according to any of claims 1 or 2, wherein : 

10 - substantially every grid point, within said second region, is occupied by one halftone dot ; and, 

- the halftone dot area of substantially each halftone dot, within said second region, is not smaller than said 
fixed halftone dot area. 

4. Printing plate, according to any of claims 1 to 3, wherein the average distance between halftone dots, within said 
is first region, is maximized. 

5. Printing plate, according to any of claims 1 to 4, wherein said low density is lower than a transition density, and 
said high density is higher than said transition density and wherein said transition density is the density of a region 
on said reproduction, having on each grid point one halftone dot having said fixed halftone dot area. 

20 

6. Printing plate, according to any of claims 1 to 5, wherein said fixed halftone dot area is selected such that its density 
can be consistently reproduced. 

7. A method for making a reproduction from an original image, by image-wise exposing a photosensitive medium 
25 using a screened representation of said original image, comprising the following steps : 

- defining grid points on a periodic grid having a screen angle and screen ruling ; 

image-wise exposing a first region on said photosensitive medium, corresponding to a region with low optical 
density on said reproduction, to generate halftone dots located on said grid points, wherein : 

30 

the number of said halftone dots is in accordance with said low density ; and, 
- for at least 66% of said halftone dots, each halftone dot has a halftone dot area substantially equal to a 
fixed halftone dot area ; 

35 and, 

image-wise exposing a second region on said photosensitive medium, corresponding to a region with high 
optical density on said reproduction, to generate hafftone dots located on said grid points, wherein the halftone 
dot area of each of said halftone dots is in accordance with said high density. 

40 8. Method according to claim 7, wherein said photosensitive medium comprises a lithographic printing plate precursor, 
comprising on a support a silver halide emulsion layer and a layer containing physical development nuclei. 

9. Method according to claim 8, wherein said image-wise exposure is a high-intensity short time scanning exposure. 

45 10. Method according to any of claims 7 to 9, wherein : 

substantially on every grid point, within said second region, one halftone dot is generated ; and, 

- the halftone dot area of substantially each halftone dot, generated within said second region, is not smaller 
than said fixed halftone dot area. 

so 

11 . Method according to any of claims 7 to 1 0, wherein the average distance between halftone dots, generated within 
said first region, is maximized. 

12. Method according to any of claims 7 to 11, wherein said low density is lower than a transition density, and said 
55 high density is higher than said transition density and wherein said transition density is the density of a region on 

said reproduction, having on each grid point one halftone dot having said fixed halftone dot area. 

13. Method according to any of claims 7 to 12, wherein said fixed halftone dot area is selected such that its density 
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can be consistently reproduced. 
Patentanspruche 

5 

1 . Druckplatte zum Reproduzieren eines Bilds, die eine Oberf lache mit einer bildmaBigen Verteilung von Druckfarbe 
aufnehmenden Rasterpunkten auf einem Druckfarbe abstol3enden Hintergrund umfasst, wobei die Rasterpunkte 
bei einer Reproduktion des Bilds unterschiedliche optische Dichten wiedergeben und auf Gitterpunkten eines pe- 
riodischen Gitters angeordnet sind, das durch einen Rasterwinkel und eine Rasterweite definiert ist, ist hier dadurch 

™ gekennzeichnet, dass: 

innerhalb eines ersten Bereichs auf der Druckplatte, der einem Bereich mit geringer optischer Dichte auf der 
Reproduktion entspricht: 

15 - die Anzahl der Rasterpunkte der niedrigen Dichte entspricht; und 

- f Or mindestens 66% der Rasterpunkte jeder Rasterpunkt eine Rasterpunktf lache aufweist, die im Wesent- 
lichen gleich einer festen Rasterpunktf lache ist; 

und 

20 ■ innerhalb eines zweiten Bereichs auf der Druckplatte, der einem Bereich mit hoher optischer Dichte auf der 

Reproduktion entspricht, die Rasterpunktflache jedes der Rasterpunkte der hohen Dichte entspricht. 

2. Druckplatte nach Anspruch 1 , bei der die Druckplatte auf einer Flache eine bildmaBige Verteilung von Silber eint- 
haltenden Rasterpunkten auf einem hydrophilen Hintergrund umfaBt. 



25 



55 



3. Druckplatte nach einem der Anspruche 1 Oder 2, bei der: 



- im Wesentlichen jeder Gitterpunkt innerhalb des zweiten Bereichs durch einen Rasterpunkt besetzt ist; und 

- die Rasterpunktflache von im Wesentlichen jedem Rasterpunkt innerhalb des zweiten Bereichs nicht kleiner 
30 ist als die feste Rasterpunktflache. 

4. Druckplatte nach einem der Anspruche 1 bis 3, bei der die durchschnittliche Entfernung zwischen Rasterpunkten 
innerhalb des ersten Bereichs maximiert ist. 

35 5. Druckplatte nach einem der Anspruche 1 bis 4, bei der die niedrige Dichte niedriger ist als eine Ubergangsdichte 
und die hohe Dichte hoher ist als die Ubergangsdichte und bei der die Ubergangsdichte die Dichte eines Bereichs 
auf der Reproduktion ist, das an jedem Gitterpunkt einen Rasterpunkt mit der festen Rasterpunktflache aufweist. 

6. Druckplatte nach einem der Anspruche 1 bis 5, bei der die feste Rasterpunktflache so gewahlt ist, dass ihre Dichte 
40 einheitlich reproduziert werden kann. 

7. Verfahren zum Herstellen einer Reproduktion von einer Bildvorlage durch bildmaBige Belichtung eines lichtemp- 
findlichen Mediums unter Verwendung einer gerasterten Darstellung der Bildvorlage, mit den folgenden Schritten: 

45 - Definieren von Gitterpunkten auf einem periodischen Gitter mit einem Rasterwinkel und einer Rasterweite; 

- bildmaBige Belichtung eines ersten Bereichs auf dem lichtempfindlichen Medium, der einem Bereich mit nied- 
riger optischer Dichte auf der Reproduktion entspricht, urn auf den Gitterpunkten angeordnete Rasterpunkte 
zu erzeugen, wobei: 

50 - die Anzahl der Rasterpunkte der niedrigen Dichte entspricht; und 

fur mindestens 66% der Rasterpunkte jeder Rasterpunkt eine Rasterpunktflache aufweist, die im Wesent- 
lichen gleich einer festen Rasterpunktflache ist; 



und 

bildmaBige Belichtung eines zweiten Bereichs auf dem lichtempfindlichen Medium, der einem Bereich mit 
hoher optischer Dichte auf der Reproduktion entspricht, urn auf den Gitterpunkten angeordnete Rasterpunkte 
zu erzeugen, wobei die Rasterpunktflache jedes der Rasterpunkte der hohen Dichte entspricht. 
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8. Verfahren nach Anspruch 7, bei dem das lichtempfindliche Medium einen Vorlaufer fur lithpgrafische Druckplatten 
mit einer Silberhalogenidemulsionsschicht und einer physikalische Entwicklungskerne enthaltenden Schicht auf 
einem Trager umfasst 

9. Verfahren nach Anspruch 8, bei dem die bildmaGige Entwicklung eine hochintensive, kurzzeitige Abtastbelichtung 

ist. 



10. Verfahren nach einem der Anspruche 7 bis 9 3 bei dem: 



- im Wesentlichen auf jedem Gitterpunkt innerhalb des zweiten Bereichs ein Rasterpunkt erzeugt wird; und 
die Rasterpunktflache von im Wesentlichen jedem innerhalb des zweiten Bereichs erzeugten Rasterpunkt 
nicht kleiner ist als die feste Rasterpunktflache. 

11. Verfahren nach einem der Anspruche 7 bis 10, bei dem die durchschnittliche Entfernung zwischen innerhalb des 
ersten Bereichs erzeugten Rasterpunkten maximiert ist. 



12. Verfahren nach einem der Anspruche 7 bis 11, bei dem die niedrige Dichte niedriger istals eine Obergangsdichte 
und die hohe Dichte hoher ist als die Ubergangs dichte und wobei die Obergangsdichte die Dichte eines Bereichs 
auf der Reproduktion ist, das auf jedem Gitterpunkt einen Rasterpunkt mit der festen Rasterpunktflache aufweist. 

20 

1 3. Verfahren nach einem der Anspruche 7 bis 1 2, bei dem die feste Rasterpunktflache so gewahlt ist, dass ihre Dichte 
einheitlich reproduziert werden kann. 



25 Revendications 



1 . Plaque d'impression pour reproduire une image, comprenant une surface prSsentant une distribution suivant une 
image de points de trame accepteurs d'encre sur un fond repoussant I'encre, lesdits points de trame restituant 
des densit6s optiques differentes dans une reproduction de ladite image et etant disposes sur des points de grille 

30 d'une grille p6riodique definie par un angle de trame et une Immature, caract6risde en ce que; 

au sein d'une premiere region sur ladite plaque d'impression, correspondant a une region de faible densite 
optique sur ladite reproduction: 

35 - le nombre des points de trame est en conformity avec ladite faible densit6; et, 

pour au moins 66% des points de trame, la surface de chaque point de trame est substantiellement 6gale 
a une surface de point de trame fixe; 

et, 

40 - au sein d'une deuxieme region sur ladite plaque d'impression, correspondant a une region de densite optique 

elevee sur ladite reproduction, la surface de point de trame de chacun desdits points de trame est en conformite 
avec ladite densite 6 levee. 

2. Plaque d'impression selon la revendication 1 , dans laquelle ladite plaque d'impression comprend, sur une surface, 
45 une distribution suivant une image de points de trame contenant de I'argent sur un fond hydrophile. 

3. Plaque d'impression selon Tune quelconque des revendications 1 ou 2, dans laquelle: 

substantiellement chaque point de grille, au sein de ladite deuxieme region, est occupy par un point de trame; 
so et, 

la surface de point de trame de substantiellement chaque point de trame, au sein de ladite deuxieme region, 
n'est pas inferieure a ladite surface de point de trame fixe. 

4. Plaque d'impression selon Tune quelconque des revendications 1 a 3, dans laquelle la distance moyenne entre 
55 les points de trame, au sein de ladite premiere region, est maximisSe. 

5. Plaque d'impression selon Tune quelconque des revendications 1 a 4, dans laquelle ladite faible densite* est infe- 
rieure a une densite de transition, et ladite densite elev§e est superieure a ladite densite de transition et dans 
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laquelle ladite density de transition est la densite d'une region sur ladite reproduction presentant, sur chaque point 
de grille, un point de trame ayant ladite surface de point de trame fixe. 

6. Plaque depression selon Tune quelconque des revendications 1 k 5, dans laquelle ladite surface de point de 
trame fixe est choisie de sorte que sa density puisse etre reproduce de facon uniforme. 



7. Proc6de de realisation d'une reproduction a partir d'une image d'origine, par exposition suivant une image d'un 
milieu photosensible en utilisant une representation tram6e de ladite image d'origine, comprenant les etapessui- 
vantes: 

10 

definition de points de grille sur une grille periodique presentant un angle de trame et une lineature; 
exposition suivant une image d'une premiere region sur ledit milieu photosensible, correspondant a une region 
de faible densite optique sur ladite reproduction, en vue de generer des points de trame situes sur lesdits 
points de grille: 

15 

le nombre desdits points de trame etant en conformite avec ladite faible densite; et, 
- pour au moins 66% desdits points de trame, la surface de chaque point de trame etant substantiellement 
egale & une surface de point de trame fixe; 



20 et, 

exposition suivant une image d'une deuxieme region sur ledit milieu photosensible, correspondant h une region 
de densite optique elevee sur ladite reproduction, en vue de generer des points de trame situes sur lesdits 
points de grille, la surface de point de trame de chacun desdits points de trame elant en conformite" avec ladite 
densite elevee. 

25 

8. Procede selon la revendication 7, dans lequel ledit milieu photosensible comprend un precurseur lithographique 
pour plaque d'impression, comprenant, sur un support, une couche d'emulsion & I'halogenure d'argent et une 
couche contenant des noyaux de developpement physique. 

30 9. Procede selon la revendication 8, dans lequel ladite exposition suivant une image est une exposition courts par 
balayage & forte intensite. 

10. Procede selon I'une quelconque des revendications 7 a 9, dans lequel: 

3 $ - substantiellement sur chaque point de grille, au sein de ladite deuxieme region, un point de trame est g§n6r6; 

et, 

la surface de point de trame de substantiellement chaque point de trame, g6n6r6 au sein de ladite deuxieme 
region, n'est pas inferieure a ladite surface de point de trame fixe. 

40 11. Proc6d<§ selon I'une quelconque des revendications 7 a 10, dans lequel la distance moyenne entre les points de 
trame generes au sein de ladite premiere region est maximisee. 

12. Proc6de selon I'une quelconque des revendications 7 a 11, dans lequel ladite faible densite" est inferieure k une 
densite de transition, et ladite densite elevee est superieure a ladite densite de transition et dans lequel ladite 

45 densite de transition est la density d'une region sur ladite reproduction presentant, sur chaque point de grille, un 

point de trame ayant ladite surface de point de trame fixe. 

13. Proc6de selon I'une quelconque des revendications 7 & 12, dans lequel ladite surface de point de trame fixe est 
choisie de sorte que sa densite puisse etre reproduce de facon uniforme. 

so 
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